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THIN-FILM MAGNETIC HEAD AND METHOD OF MANUFACTURING SAME

This is a Division of Application No. 09/748,207 filed December 27, 2000. The

entire disclosure of the prior application is hereby incorporated by reference herein in its

entirety.

BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] The present invention relates to a thin-film magnetic head having at least one

of an induction-type electromagnetic transducer and a magnetoresistive element, and to a

method of manufacturing such a thin-film magnetic head.

2. Description of Related Art

[0002] Performance improvements in thin-film magnetic heads have been sought as

areal recording density of hard disk drives has increased. Such thin-film magnetic heads

include composite thin-fihn magnetic heads that have been widely used. A composite head is

made of a layered structure including a recording head having an induction magnetic

transducer for writing and a reproducing head having a magnetoresistive (MR) element for

reading. MR elements include an anisotropic magnetoresistive (AMR) element that utilizes

the AMR effect and a giant magnetoresistive (GMR) element that utilizes the GMR effect. A

reproducing head using an AMR element is called an AMR head or simply an MR head. A

reproducing head using a GMR element is called a GMR head. An AMR head is used as a

reproducing head where areal density is more than 1 gigabit per square inch. A GMR
head is used as a reproducing head where areal density is more than 3 gigabits per square

inch. It is GMR heads that have been most widely used recently.

[0003] The performance of the reproducing head is improved by replacing the

AMR film with a GMR film and the like having an excellent magnetoresistive

sensitivity. Alternatively, a pattern width such as the reproducing track width and the MR
height, in particular, may be optimized. The MR height is the length (height) between an

end of the MR element located in the air bearing surface and the other end. The air bearing

surface is a surface of the thin-film magnetic head facing toward a magnetic recording

medium.

[0004] Performance improvements in a recording head are also required as the

performance of a reproducing head is improved. It is required to increase the recording track

density in order to increase the areal density among the performance characteristics of the
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recording head. To achieve this, it is required to implement a recording head of a narrow

track structure wherein the width of top and bottom poles sandwiching the recording gap

layer on a side of the air bearing surface is reduced down to microns or a submicron order.

This width is one of the factors that determine the recording head performance.

Semiconductor process techniques are utilized to implement such a structure. Another factor

is a pattern width such as the throat height, in particular. The throat height is the length

(height) of pole portions, that is, portions of magnetic pole layers facing each other with a

recording gap layer in between, between the air-bearing-surface-side end and the other

end. A reduction in throat height is desired in order to improve the recording head

performance. The throat height is controlled by an amount of lapping when the air bearing

surface is processed.

[0005] As thus described, it is important to fabricate well-balanced recording and

reproducing heads to improve the performance of the thin-film magnetic head.

[0006] In order to implement a thin-film magnetic head that achieves high recording

density, the requirements for the reproducing head include a reduction in reproducing track

width, an increase in reproducing output, and a reduction in noise. The requirements for

the recording head include a reduction in recording track width, an improvement in overwrite

property that is a parameter indicating one of characteristics when data is written over

existing data, and an improvement in nonlinear transition shift (NLTS).

[0007] Reference is now made to FIG. 16A to FIG. 22A and FIG. 16B to FIG.

22B to describe an example of a manufacturing method of a related-art thin-film

magnetic head element. FIG. 16A to FIG. 22A are cross sections each orthogonal to the air

bearing surface. FIG. 16B to FIG. 22B are cross sections of the pole portions each parallel to

the air bearing surface.

[0008] According to the manufacturing method, as shown in FIG. 16A and

FIG. 16B, an insulating layer 102 made of alumina (AI2O3), for example, having a

thickness of about 5 to 10 pm, is deposited on a substrate 101 made of aluminum oxide and

titanium carbide (A^Os-TiC), for example. Next, on the insulating layer 102, a bottom

shield layer 103 made of a magnetic material and having a thickness of 2 to 3 pm, for

example, is formed for a reproducing head.

[0009] Next, as shown in FIG. 17A and FIG. 17B, a shield gap film 104a made

of an insulating material such as alumina and having a thickness of 10 to 20 nm, for example,

is formed through sputtering, for example, on the bottom shield layer 103. Next, a shield gap
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film 104b made of an insulating material such as alumina and having a thickness of 100 nm,

for example, is formed through sputtering, for example, on the shield gap film 104a

except a region where a GMR element described later will be formed. The shield gap film

104b is provided for preventing a short circuit between the GMR element and the

bottom shield layer 103.

[0010] Next, on the shield gap film 104b, a film having a thickness of 40 to 50

nm, for example, to make up the GMR element for reproduction is formed through a method

such as sputtering. This film is etched with a photoresist pattern not shown as a mask to form

the GMR element 105.

[0011] Next, a pair of conductive layers (that may be called leads) 106 are formed

by liftoff through the use of the above-mentioned photoresist pattern. The conductive

layers 106 are electrically connected to the GMR element 105. The photoresist pattern is

then removed.

[0012] Next, as shown in FIG. 18A and FIG. 18B, a shield gap film 107a made

of an insulating material such as alumina and having a thickness of 10 to 20 nm, for

example, is formed through sputtering, for example, on the shield gap films 104a and

104b, the GMR element 105 and the conductive layers 106. The GMR element 105 is

embedded in the shield gap films 104a and 107a. Next, a shield gap film 107b made of an

insulating material such as alumina and having a thickness of 100 nm, for example, is formed

through a method such as sputtering on the shield gap film 107a except the

neighborhood of the GMR element 105.

[0013] Next, as shown in FIG. 19A and FIG. 19B, on the shield gap films 107a

and 107b, a top-shield-layer-cum-bottom-pole-layer (called a top shield layer in the

following description) 108 is formed. The top shield layer 108 has a thickness of about 3 pm

and is made of a magnetic material and used for both the reproducing head and the

recording head.

[0014] Next, as shown in FIG. 20A and FIG. 20B, a recording gap layer 109 made

of an insulating film such as an alumina film and having a thickness of 0.2 pm, for example,

is formed on the top shield layer 108. Next, a portion of the recording gap layer 109

located in the center of the region where a thin-film coil described later is to be formed

is etched to form a contact hole for making a magnetic path. Next, a top pole tip 110 for

the recording head is formed on the recording gap layer 109 in the pole portion. The top

pole tip 110 is made of a magnetic material and has a thickness of 1.0 to 1.5 pm. At
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the same time, a magnetic layer 119 made of a magnetic material is formed for making

the magnetic path in the contact hole for making the magnetic path.

[0015] Next, the recording gap layer 109 and a part of the top shield layer 108

are etched through ion milling, using the top pole tip 1 1 0 as a mask. As shown in FIG. 20B,

the structure is called a trim structure wherein the sidewalls of the top pole portion (the top

pole tip 1 10), the recording gap layer 109, and a part of the top shield layer 108 are formed

vertically in a self-aligned manner.

[0016] Next, an insulating layer 1 1 1 of alumina, for example, having a thickness of

about 3 pm is formed over the entire surface. The insulating layer 1 1 1 is polished to the

surfaces of the top pole tip 110 and the magnetic layer 119 and flattened.

[0017] Next, as shown in FIG. 21A and FIG. 21B, on the flattened insulating layer

Ilia first layer 1 12 of the thin-film coil is made for the induction-type recording head.

The first layer 1 12 of the coil is made of copper (Cu), for example. Next, a photoresist

layer 1 13 is formed into a specific shape on the insulating layer 111 and the first layer 112

of the coil. Next, a second layer 1 14 of the thin-film coil is formed on the photoresist layer

1 13. Next, a photoresist layer 1 15 is formed into a specific shape on the photoresist

layer 113 and the second layer 1 14 of the coil.

[0018] Next, as shown in FIG. 22A and FIG. 22B, a top pole layer 116 for the

recording head is formed on the top pole tip 110, the photoresist layers 113 and 115 and the

magnetic layer 119. The top pole layer 1 16 is made of a magnetic material such as

Permalloy. Next, an overcoat layer 1 1 7 of alumina, for example, is formed to cover the top

pole layer 116. Finally, machine processing of the slider including the forgoing layers

is performed to form the air bearing surface 1 18 of the thin-film magnetic head

including the recording head and the reproducing head. The thin-film magnetic head is thus

completed.

[0019] FIG. 23 is a top view of the thin-film magnetic head shown in FIG. 22A

and FIG. 22B. The overcoat layer 117 and the other insulating layers and film are omitted in

FIG. 27.

[0020] In order to improve the performance characteristics of a hard disk

drive, such as areal recording density, in particular, a method of increasing linear recording

density and a method of increasing track density may be taken. To design a high-performance

hard disk drive, specific measures taken for implementing the recording head, the reproducing

head or the thin-fihn magnetic head as a whole depend on whether linear recording density or
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track density is emphasized. That is, if priority is given to track density, a reduction in track

width is required for both recording head and reproducing head, for example. If priority

is given to linear recording density, it is required for the reproducing head to improve the

reproducing output and to reduce the half width of the reproducing output. Moreover, it is

required to reduce the distance between the hard disk platter and the slider (hereinafter called

a magnetic space). To achieve areal density of 20 to 30 gigabits per square inch, a magnetic

space of 15 to 25 nm, for example, is required.

[0021] Consideration will now be given to the measures taken when priority is

given to linear recording density. Among the factors that contribute to improvements in

linear recording density, a reduction in magnetic space is achieved by reducing the amount of

floating of the slider. The amount of floating of the slider depends mainly on the design,

processing method, lapping method and so on of the slider.

[0022] Among the factors that contribute to improvements in linear recording

density, an improvement in reproducing output is achieved mainly by replacing the AMR film

with a GMR film and the like having an excellent magnetoresistive sensitivity. It is known

that another factor, that is, a reduction in half width of the reading output, is achieved by

reducing the distance between the bottom shield layer and the top shield layer

(hereinafter called the shield gap length). It is possible to control the shield gap length

it the steps of manufacturing the thin-film magnetic head.

[0023] The problems arising when the shield gap length is reduced will now be

described. To implement areal recording density of about 10 gigabits per square inch, an

appropriate shield gap length is 0.1 1 to 0.14 pm (1 10 to 140 nm). However, a shield gap

length of 0.07 to 0.09 pm (70 to 90 nm) is required for implementing areal recording density

of 30 to 40 gigabits per square inch.

[0024] It is difficult to reduce the thickness of the MR element since this thickness

is determined by factors such as the reading output required. Therefore, in order to reduce

the shield gap length, it is required to reduce the thickness of the shield gap film

provided between the MR element and the bottom shield layer, and the thickness of the

shield gap film provided between the MR element and the top shield layer.

[0025] A case is assumed wherein a shield gap length of 60 to 70 nm is

required to implement areal recording density of40 gigabits per square inch. In this case, if

the thickness of the MR element is 40 nm, the thickness of the shield gap films each of
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which is provided between the MR element and the bottom shield layer and between the

MR element and the top shield layer, respectively, is required to be 10 to 15 nm.

[0026] In prior art the shield gap film is made of an alumina film formed through

sputtering performed in a plasma atmosphere through the use of an apparatus such as a

radio frequency (RF) sputtering apparatus or an electron cyclotron resonance (ECR)

sputtering apparatus.

[0027] However, a reduction in the thickness of the prior-art shield gap film formed

through sputtering is limited to about 20 nm. That is, if the thickness of the prior-art shield

gap film is smaller than 20 nm, the insulation strength is 5 to 7 volts or smaller so that

static damage is likely to occur. If the thickness of the prior-art shield gap film is reduced

down to about 10 to 15 nm, not only the insulation strength is made smaller but also pinholes

are likely to occur. If static damage is done to the shield gap film or pinholes are made

in the shield gap film, a short circuit is developed between the MR element and the

bottom shield layer or the top shield layer. As a result, the reading output signal carries

noise, and it is impossible to obtain a proper reading output signal in some cases.

[0028] In addition, the prior-art shield gap film exhibits bad step coverage.

Therefore, pinholes or faulty insulation frequently occurs in portions having projections

and depressions, in particular, such as the neighborhood of the pattern edge of the MR
element or the leads connected to the MR element.

[0029] As thus described, it is difficult in prior art to form the shield gap film that is

thin and exhibits high qualities, that is, closely packed and has an even thickness, greater

insulation strength and excellent step coverage. Therefore, it is difficult to reduce the shield

gap length of the prior art thin-film magnetic head, and to reduce the half width of the

reading output and to improve the recording density. In addition, since it is difficult in prior

art to form a high-quality and thin shield gap film, the yield of thin-film magnetic heads for

high density recording is low.

[0030] Although the problems arising when the shield gap film is formed have

been described so far, similar problems are found in formation of layers such as the

recording gap layer, an insulating film of a thin-film magnetic head wherein the recording

head and the reproducing head are isolated from each other by the insulating film, or an

insulating layer for isolating turns of the coil.

SUMMARY OF THE INVENTION
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[0031] It is an object of the invention to provide a thin-film magnetic head and

a method of manufacturing the same for improving the performance characteristics and the

yield by providing a high-quality insulating film.

[0032] A first thin-film magnetic head of the invention comprises: a medium facing

surface that faces toward a recording medium; a magnetoresistive element; a first shield layer

and a second shield layer for shielding the magnetoresistive element, the shield layers

having portions located on a side of the medium facing surface and opposed to each

other, the magnetoresistive element being placed between these portions of the shield

layers; a first shield gap film, provided between the magnetoresistive element and the

first shield layer, for insulating the magnetoresistive element and the first shield layer from

each other; and a second shield gap film, provided between the magnetoresistive

element and the second shield layer, for insulating the magnetoresistive element and

the second shield layer from each other. At least one of the first and second shield gap

films is made of a plurality of insulating films stacked that are formed by chemical

vapor deposition.

[0033] A second thin-film magnetic head of the invention comprises: a

medium facing surface that faces toward a recording medium; a first magnetic layer

including a pole portion and a second magnetic layer including a pole portion, the first

and second magnetic layers being magnetically coupled to each other, the pole portions

being opposed to each other and placed in regions of the magnetic layers on a side of

the medium facing surface, each of the magnetic layers including at least one layer; a

gap layer provided between the pole portions of the first and second magnetic layers;

and a thin-film coil at least a part of which is placed between the first and second

magnetic layers, the at least part of the coil being insulated from the first and second

magnetic layers. The gap layer is made of a plurality of insulating films stacked that

are formed by chemical vapor deposition.

[0034] A third thin-film magnetic head of the invention comprises: a medium

facing surface that faces toward a recording medium; a reproducing head; a recording

head; and an isolation film for magnetically isolating the reproducing head and the

recording head from each other. The reproducing head incorporates: a

magnetoresistive element; a first shield layer and a second shield layer for shielding the

magnetoresistive element, the shield layers having portions located on a side of the

medium facing surface and opposed to each other, the magnetoresistive element being
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placed between these portions of the shield layers; a first shield gap film, provided

between the magnetoresistive element and the first shield layer, for insulating the

magnetoresistive element and the first shield layer from each other; and a second shield gap

film, provided between the magnetoresistive element and the second shield layer, for

insulating the magnetoresistive element and the second shield layer from each other. The

recording head incorporates: a first magnetic layer including a pole portion and a second

magnetic layer including a pole portion, the first and second magnetic layers being

magnetically coupled to each other, the pole portions being opposed to each other and placed

in regions of the magnetic layers on a side of the medium facing surface, each of the

magnetic layers including at least one layer; a gap layer provided between the pole

portions of the first and second magnetic layers; and a thin-film coil at least a part of

which is placed between the first and second magnetic layers, the at least part of the

coil being insulated from the first and second magnetic layers. The isolation film is made

of a plurality of insulating films stacked that are formed by chemical vapor deposition.

[0035] A fourth thin-film magnetic head of the invention comprises: a medium

facing surface that faces toward a recording medium; a first magnetic layer including a pole

portion and a second magnetic layer including a pole portion, the first and second

magnetic layers being magnetically coupled to each other, the pole portions being

opposed to each other and placed in regions of the magnetic layers on a side of the medium

facing surface, each of the magnetic layers including at least one layer; a gap layer

provided between the pole portions of the first and second magnetic layers; a thin-film

coil at least a part ofwhich is placed between the first and second magnetic layers, the at

least part of the coil being insulated from the first and second magnetic layers; and a

coil insulating layer for insulating neighboring ones of turns of the coil from each other.

The coil insulating layer is made of a plurality of insulating films stacked that are formed by

chemical vapor deposition.

[0036] According to the first to fourth thin-film magnetic heads of the invention,

one of the first and second shield gap films, the gap layer, the isolation film, or the coil

insulating layer is made of a plurality of insulating films stacked that are formed by

chemical vapor deposition, and exhibits high quality.

[0037] According to the first to fourth thin-film magnetic heads of the invention,

the insulating films formed by chemical vapor deposition may be alumina films.
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10038] A first method of the invention is provided for manufacturing a thin-fihn

magnetic head comprising: a medium facing surface that faces toward a recording medium; a

magnetoresistive element; a first shield layer and a second shield layer for shielding the

magnetoresistive element, the shield layers having portions located on a side of the medium

facing surface and opposed to each other, the magnetoresistive element being placed between

these portions of the shield layers; a first shield gap film, provided between the

magnetoresistive element and the first shield layer, for insulating the magnetoresistive

element and the first shield layer from each other; cind a second shield gap film, provided

between the magnetoresistive element and the second shield layer, for insulating the

magnetoresistive element and the second shield layer from each other. The method includes

the steps of: forming the first shield layer; forming the first shield gap film on the first shield

layer; forming the magnetoresistive element on the first shield gap film; forming the second

shield gap film on the magnetoresistive element; and forming the second shield layer

on the second shield gap film. At least one of the first and second shield gap films is

formed by stacking a plurality of insulating films formed by chemical vapor deposition.

[0039] A second method of the invention is provided for manufacturing a thin-film

magnetic head comprising: a medium facing surface that faces toward a recording medium; a

first magnetic layer including a pole portion and a second magnetic layer including a pole

portion, the first and second magnetic layers being magnetically coupled to each other, the

pole portions being opposed to each other and placed in regions of the magnetic layers

on a side of the medium facing surface, each of the magnetic layers including at least

one layer; a gap layer provided between the pole portions of the first and second magnetic

layers; and a thin-film coil at least a part of which is placed between the first and second

magnetic layers, the at least part of the coil being insulated from the first and second magnetic

layers. The method includes the steps of: forming the first magnetic layer; forming the gap

layer on the first magnetic layer; forming the second magnetic layer on the gap layer;

and forming the thin-film coil. The gap layer is formed by stacking a plurality of insulating

films formed by chemical vapor deposition.

[0040] A third method of the invention is provided for manufacturing a thin-film

magnetic head comprising: a medium facing surface that faces toward a recording medium; a

reproducing head; a recording head; and an isolation film for magnetically isolating the

reproducing head and the recording head from each other. The reproducing head

incorporates: a magnetoresistive element; a first shield layer and a second shield layer for
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shielding the magnetoresistive element, the shield layers having portions located on a side of

the medium facing surface and opposed to each other, the magnetoresistive element

being placed between these portions of the shield layers; a first shield gap film, provided

between the magnetoresistive element and the first shield layer, for insulating the

magnetoresistive element and the first shield layer from each other; and a second shield gap

film, provided between the magnetoresistive element and the second shield layer, for

insulating the magnetoresistive element and the second shield layer from each other. The

recording head incorporates: a first magnetic layer including a pole portion and a second

magnetic layer including a pole portion, the first and second magnetic layers being

magnetically coupled to each other, the pole portions being opposed to each other and

placed in regions of the magnetic layers on a side of the medium facing surface, each of

the magnetic layers including at least one layer; a gap layer provided between the pole

portions of the first and second magnetic layers; and a thin-film coil at least a part of

which is placed between the first and second magnetic layers, the at least part of the coil

being insulated from the first and second magnetic layers. The method includes the steps of:

forming the reproducing head; forming the recording head; and forming the isolation film.

The isolation film is formed by stacking a plurality of insulating films formed by

chemical vapor deposition.

[0041] A fourth method of the invention is provided for manufacturing a thin-film

magnetic head comprising: a medium facing surface that faces toward a recording medium; a

first magnetic layer including a pole portion and a second magnetic layer including a pole

portion, the first and second magnetic layers being magnetically coupled to each other, the

pole portions being opposed to each other and placed in regions of the magnetic layers

on a side of the medium facing surface, each of the magnetic layers including at least

one layer; a gap layer provided between the pole portions of the first and second magnetic

layers; a thin-film coil at least a part of which is placed between the first and second

magnetic layers, the at least part of the coil being insulated from the first and second magnetic

layers; and a coil insulating layer for insulating neighboring ones of turns of the coil from

each other. The method includes the steps of: forming the first magnetic layer; forming the

gap layer on the first magnetic layer; forming the second magnetic layer on the gap layer;

forming the thin-film coil; and forming the coil insulating layer. The coil insulating layer is

formed by stacking a plurality of insulating films formed by chemical vapor deposition.

[0042] According to the first to fourth methods of the invention, the insulating

films formed by the chemical vapor deposition may be alumina films.
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[0043] According to the first to fourth methods of the invention, the

chemical vapor deposition may be low pressure chemical vapor deposition, or may be

plasma chemical vapor deposition or atmospheric pressure chemical vapor deposition.

[0044] According to the first to fourth methods of the invention, the insulating

films formed by the chemical vapor deposition may be formed through the use of a

plurality of chambers.

[0045] According to the first to fourth methods of the invention, the insulating

films formed by the chemical vapor deposition may be formed through intermittently

injecting a material for making the films. In this case, the insulating films formed by the

chemical vapor deposition may be alumina films formed through intermittently injecting H2O,

N2O or H2O2 which is the material for making the films and A1(CH3)3 or AICI3 which

is the material for making the films in an alternate manner.

[0046] According to the first to fourth methods of the invention, the insulating

films formed by the chemical vapor deposition may be formed at a temperature in a

range of 100 to 350 °C.

[0047] Other and further objects, features and advantages of the invention will

appear more fully from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] FIG. 1A and FIG. IB are cross sections for illustrating a step in a method of

manufacturing a thin-film magnetic head of a first embodiment of the invention.

[0049] FIG. 2A and FIG. 2B are cross sections for illustrating a step that follows

FIG. lA and FIG. IB.

[0050] FIG. 3A and FIG. 3B are cross sections for illustrating a step that follows

FIG. 2A and FIG. 2B.

[0051] FIG. 4A eind FIG. 4B are cross sections for illustrating a step that follows

FIG. 3A and FIG. 3B.

[0052] FIG. 5A and FIG. 5B are cross sections for illustrating a step that follows

FIG. 4A and FIG. 4B.

[0053] FIG. 6A and FIG. 6B are cross sections for illustrating a step that follows

FIG. 5A and FIG. 5B.

[0054] FIG. 7

A

and FIG. 7B are cross sections for illustrating a step that follows

FIG. 6A and FIG. 6B.
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[0055] FIG. 8A and FIG. 8B are cross sections of the thin-film magnetic head of the

first embodiment.

[0056] FIG. 9 is a top view of the thin-film magnetic head of the first embodiment.

[0057] FIG. 10 illustrates a first example of a method of forming a multilayer CVD

insulating film of the first embodiment of the invention.

[0058] FIG. 1 1 illustrates a second example of the method of forming the multilayer

CVD insulating film of the first embodiment.

[0059] FIG. 1 2 is a plot for showing the result of experiment performed for

comparing the insulation strength of an insulating film formed through sputtering and that of

the multilayer CVD insulating film of the first embodiment of the invention.

[0060] FIG. 13 is a plot for illustrating an example ofwaveform of reading output

of the thin-film magnetic head of the first embodiment.

[0061] FIG. 14A and FIG. 14B are cross sections of a thin-film magnetic head of a

second embodiment of the invention.

[0062] FIG. 1 5A and FIG. 1 5B are cross sections of a thin-film magnetic head of a

third embodiment of the invention.

[0063] FIG. 16A and FIG. 16B are cross sections for illustrating a step in a method

of manufacturing a thin-film magnetic head of related art.

[0064] FIG. 17A and FIG. 17B are cross sections for illustrating a step that follows

FIG. 16AandFIG. 16B.

[0065] FIG. 18A and FIG. 18B are cross sections for illustrating a step that follows

FIG. 17AandFIG. 17B.

[0066] FIG. 19A and FIG. 19B are cross sections for illustrating a step that follows

FIG. 18AandFIG. 18B.

[0067] FIG. 20A and FIG. 20B are cross sections for illustrating a step that follows

FIG. 19AandFIG. 19B.

[0068] FIG. 21A and FIG. 21B are cross sections for illustrating a step that follows

FIG. 20A and FIG. 20B.

[0069] FIG. 22A and FIG. 22B are cross sections for illustrating a step that follows

FIG. 21AandFIG. 21B.

[0070] FIG. 23 is a top view of the related-art thin-film magnetic head.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
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[0071] Preferred embodiments of the invention will now be described in detail with

reference to the accompanying drawings.

[First Embodiment]

[0072] Reference is now made to FIG. 1A to FIG. 8A, FIG. IB to FIG. 8B, and FIG.

9 to describe a thin-film magnetic head and a method of manufacturing the same of a first

embodiment of the invention. FIG. IA to FIG. 8A are cross sections each orthogonal to the

air bearing surface. FIG. IB to FIG. 8B are cross sections of the pole portions of the head

parallel to the air bearing surface.

[0073] In the method, as shown in FIG. 1A and FIG. IB, an insulating layer 2 made

of alumina (AI2O3), for example, of about 5 to 10 pm in thickness is deposited on a substrate

1 made of aluminum oxide and titanium carbide (AbOs-TiC), for example. Next, on the

insulating layer 2, a bottom shield layer 3 is formed for the reproducing head. The bottom

shield layer 3 is made of a magnetic material and heis a thickness of 2 to 3 pm, for example.

[0074] Next, as shown in FIG. 2A and FIG. 2B, a shield gap film 4a as an insulating

film having a thickness of 10 to 15 nm, for example, is formed on the bottom shield layer 3.

The shield gap film 4a is made of the insulating film in which a plurality of thin alumina

films are stacked, each of the alumina films being formed through chemical vapor deposition

(CVD). This insulating film is hereinafter called the multilayer CVD insulating film. The

method of forming the shield gap layer 4a will be described later in detail.

[0075] Next, a shield gap film 4b, as an insulating film made of an insulating

material such as alumina, having a thickness of 100 nm, for example, is formed on the shield

gap film 4a except a region where a GMR element described later will be formed. The shield

gap film 4b may be an insulating film formed through sputtering or a multilayer CVD

insulating film. The shield gap film 4b is provided for preventing a short circuit between the

GMR element and the bottom shield layer 3.

[0076] Next, on the shield gap film 4b, a film having a thickness of40 to 50 nm, for

example, for making up the GMR element for reproduction is formed through a method such

as sputtering. This film is etched with a photoresist pattern not shown as a mask to form the

GMR element 5.

[0077] Next, a pair of conductive layers (that may be called leads) 6 are formed by

liftoff through the use of the above-mentioned photoresist pattern. The conductive layers 6

are electrically connected to the GMR element 5. The photoresist pattern is then removed.
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[0078] Next, as shown in FIG. 3A and FIG. 3B, a shield gap film 7a, as an

insulating film, having a thickness of 10 to 20 nm, for example, is formed on the shield gap

films 4a and 4b, the GMR element 5 and the conductive layers 6. The GMR element 5 is

embedded in the shield gap films 4a and 7a. The shield gap film 7a is made of a multilayer

CVD insulating film. The method of forming the shield gap film 7a will be described later in

detail.

[0079] Next, a shield gap film 7b as an insulating film made of an insulating

material such as alumina and having a thickness of 100 run, for example, is formed on the

shield gap film 7a except the neighborhood of the GMR element 5. The shield gap film 7b

may be an insulating film formed through sputtering or a multilayer CVD insulating film.

The shield gap film 7b is provided for preventing a short circuit between the GMR element 5

and a top shield layer described later.

[0080] Next, as shown in FIG. 4A and FIG. 4B, on the shield gap films 7a and 7b, a

top-shield-layer-cum-bottom-pole-layer (called a top shield layer in the following description)

8 is formed. The top shield layer 8 has a thickness of about 3 pm and is made of a magnetic

material and used for both the reproducing head and the recording head.

[0081] Next, as shown in FIG. 5A and FIG. 5B, a recording gap layer 9 made of an

insulating film such as an alumina film and having a thickness of 0.1 to 0.2 pm, for example,

is formed on the top shield layer 8. The gap layer 9 may be an insulating film formed through

sputtering or a multilayer CVD insulating film.

[0082] Next, on the recording gap layer 9, a thin-film coil 10 made ofcopper (Cu),

for example, is formed through plating, for example, for the induction-type recording head.

For example, the line width of the coil 10 is 0.5 to 0.8 pm, the space between neighboring

ones of turns of the coil 10 is 0.5 pm, and the thickness of the coil 10 is 0.8 to 1.5 pm.

[0083] Next, a photoresist layer 1 1 is formed into a specific shape on the recording

gap layer 9 and the coil 10. An end of the photoresist layer 1 1 facing toward the air bearing

surface (the medium facing surface that faces toward a recording medium) 30 defines the

throat height.

[0084] Next, as shown in FIG. 6A and FIG. 6B, a portion of the recording gap layer

9 located in the center of the region where the thin-film coil 10 is formed is selectively etched

to form a contact hole for making a magnetic path.

[0085] Next, a pole portion layer 12a including the pole portion of the top pole layer

12 is formed in a region extending from the top of a part of the recording gap layer 9 located
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in the pole portion to a part of the photoresist layer 1 1 close to the air baring surface 30. The

pole portion layer 12a has a thickness of 2.5 to 3.5 pm, for example. At the same time, a

magnetic layer 12b having a thickness of 2.5 to 3.5 pm, for example, is formed in the above-

mentioned contact hole. The top pole layer 12 is made up of the pole portion layer 12a and

the magnetic layer 12b and a yoke portion layer described later. The magnetic layer 12b is

provided for connecting the yoke portion layer to the top shield layer 8.

[0086] The pole portion layer 12a and the magnetic layer 12b of the top pole layer

12 may be made ofNiFe (80 weight % Ni and 20 weight % Fe), or NiFe (45 weight % Ni and

55 weight % Fe) as a high saturation flux density material and formed through plating, or may

be made of a material such as FeN or FeZrN as a high saturation flux density material through

sputtering. Alternatively, a material such as CoFe or a Co-base amorphous material as a high

saturation flux density material may be used.

[0087] Next, the recording gap layer 9 and a part of the top shield layer 8 are etched

through ion milling, for example, using the pole portion layer 12a as a mask. As shown in

FIG. 7B, the structure is called a trim structure wherein the sidewalls of the top pole portion

(the pole portion layer 12a), the recording gap layer 9, and a part of the top shield layer 8 are

formed vertically in a self-aligned manner. The trim structure suppresses an increase in the

effective track width due to expansion of a magnetic flux generated during writing in a

narrow track.

[0088] Next, an insulating layer 13 of alumina, for example, having a thickness of

about 4 pm is formed over the entire surface. The insulating layer 13 is polished through

chemical mechanical polishing (CMP), for example, to the surfaces of the pole portion layer

12a and the magnetic layer 12b and flattened.

[0089] Next, as shown in FIG. 8A and FIG. 8B, the yoke portion layer 12c of the

top pole layer 12 made of a magnetic material for the recording head is formed on the pole

portion layer 12a, the insulating layer 13 and the magnetic layer 12b. The yoke portion layer

12c has a thickness of 3 pm, for example. The yoke portion layer 12c may be made ofNiFe

(80 weight % Ni and 20 weight % Fe) or a high saturation flux density material such as NiFe

(45 weight % Ni and 55 weight % Fe) through plating, or may be made of a material such as

FeN or FeZrN as a high saturation flux density material through sputtering. Alternatively, a

material such as CoFe or a Co-base amorphous material as a high saturation flux density

material maybe used. To improve the high frequency characteristic, the yoke portion layer
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12c may be made of a number of layers of inorganic insulating films and magnetic layers of

Permalloy, for example.

[0090] Next, an overcoat layer 14 of alumina, for example, having a thickness of 20

to 40 pm, for example, is formed to cover the top pole layer 12. Finally, machine processing

of the slider including the forgoing layers is performed to form the air bearing surface 30 of

the thin-film magnetic head including the recording head and the reproducing head. The thin-

film magnetic head is thus completed.

[0091] FIG. 9 is a top view of the thin-fihn magnetic head shown in FIG. 8A and

FIG. 8B. The overcoat layer 14 and the other insulating layers and film are omitted in FIG. 9.

The pole portion of the pole portion layer 12a located on a side of the air bearing surface 30

has a width equal to the track width of the recording head.

[0092] In this embodiment the bottom shield layer 3 corresponds to the first shield

layer of the invention. The top shield layer 8 corresponds to the second shield layer of the

invention. Since the top shield layer 8 functions as the bottom pole layer, too, the top shield

layer 8 corresponds to the first magnetic layer of the invention, too. The top pole layer 12

corresponds to the second magnetic layer of the invention, too. The shield gap film 4a

corresponds to the first shield gap film of the invention. The shield gap film 7a corresponds

to the second shield gap film of the invention.

[0093] The thin-film magnetic head of this embodiment comprises the air bearing

surface 30, that is, the medium facing surface that faces toward a recording medium, the

reproducing head and the recording head (induction-type electromagnetic transducer). The

reproducing head includes the GMR element 5 and the bottom shield layer 3 and the top

shield layer 8 for shielding the GMR element 5. Portions of the bottom shield layer 3 and the

top shield layer 8 on a side of the air bearing surface 30 are opposed to each other while the

GMR element 5 is placed between these portions of the bottom shield layer 3 and the top

shield layer 8. The reproducing head further includes: the conductive layers 6 connected to

the GMR element 5; the shield gap films 4a and 4b provided between the bottom shield layer

3 and the GMR element 5 together with the conductive layers 6; and the shield gap films 7a

and 7b provided between the top shield layer 8 and the GMR element 5 together with the

conductive layers 6.

[0094] The recording head includes the bottom pole layer (the top shield layer 8)

and the top pole layer 12 magnetically coupled to each other each of which includes at least

one layer. The bottom pole layer and the top pole layer 12 include pole portions opposed to
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each other and located in regions on a side of the air bearing surface 30. The recording head

further includes: the recording gap layer 9 placed between the pole portion of the bottom pole

layer and the pole portion of the top pole layer 12; and the thin-film coil 10 at least a part of

which is placed between the bottom pole layer and the top pole layer 12, the at least part of

the coil 10 being insulated from the bottom pole layer and the top pole layer 12.

[0095] The following is a description oftwo examples of the method of forming a

multilayer CVD insulating film that is utilized as each of the shield gap films 4a and 7a of the

embodiment of the invention.

[0096] FIG. 10 illustrates the first example of the method of forming a multilayer

CVD insulating film. In this example the multilayer CVD insulating film is formed by

performing the step of making a thin alumina film by low pressure CVD a plurality of times.

Such a method of forming an insulating film is described in 'Microelectronic Engineering 36'

.(1997), pp. 91-94, for example.

[0097] In the first example, as shown in FIG. 10, a thin alumina film is formed on a

substrate 60 through the use of a low pressure CVD apparatus 50. This substrate 60 means a

structure including the substrate 1 and the layers stacked thereon in the steps preceding

formation of the insulating film to be obtained. In a chamber 51 of the low pressure CVD

apparatus 50, a chuck 52 is provided for fixing the object on which the thin film is to be

formed. A heater not shown for heating the chuck 52 is provided below the chuck 52. The

chamber 5 1 has two nozzles 53 and 54 for injecting a material for making thin films into the

chamber 5 1

.

[0098] In the first example the substrate 60 is fixed on the top surface of the chuck

52 in the chamber 5 1 of the low pressure CVD apparatus 50. When a multilayer CVD

insulating film is formed on the substrate 60, the chuck 52 and the substrate 60 are

maintained at a temperature in the range of 100 to 350 °C, or preferably in the range of 150 to

250 °C. Therefore, thin alumina films making up the multilayer CVD insulating film are

formed at a temperature in the range of 100 to 350 °C, or preferably in the range of 150 to

250 °C. The degree ofvacuum inside the chamber 51 is maintained at about 10-3 to 10-5 Pa.

[0099] In the first example the following steps are alternately repeated. The step

first taken is to inject a material for making a thin film, that is, H2O, N2O or H2O2 through the

nozzle 53, for example, onto the substrate 60 for a short period of time, the material being

carried by bubbles of a purge gas of N2. The next step is to inject a material for making the

thin film, that is, A1(CH3)3 (trimethylaluminum) or AICI3 through the nozzle 54, for
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example, onto the substrate 60 for a short period of time, the material being carried by

bubbles of a purge gas ofN2 . In the first example the materials for making thin films are

intermittently injected onto the substrate 60. The flow rate of one injection ofH2O, N2O or

H2O2 is 0.25 to 0.5 mg, for example. The flow rate of one injection ofA1(CH3)3 or AICI 3 is

0.1 to 0.2 mg, for example. One cycle is the combination of one injection ofH2O, N2O or

H2O2 and one injection ofA1(CH3)3 or AICI 3 . The duration of one cycle is about 2 seconds,

for example. Through the cycle, an alumina film as thin as 0.1 to 0.2 nm, for example, is

formed on the substrate 60 by a chemical reaction between H2O, N2O or H2O2 and A1(CH3)3

or AICI 3 . In the first example a plurality of cycles are performed to stack a plurality of thin

alumina films. A multilayer CVD insulating film having a desired thickness is thereby

formed.

[0100] FIG. 1 1 illustrates the second example of the method of forming a multilayer

CVD insulating film. In this example the multilayer CVD insulating film is formed by

performing the step ofmaking a thin alumina film by CVD a plurality of times through the

use of a plurality of chambers. In the second example, as shown in FIG. 11, thin alumina

films are formed on the substrate 60 through the use of a multi-chamber CVD apparatus 70.

The CVD apparatus 70 comprises a plurality of chambers 71 and a transfer device 72 for

loading and unloading the object on which thin films are to be formed in and out of the

chambers 71. Each of the chambers 71 is designed to form a desired thin film on the object

by plasma CVD, for example.

[0101] In the second example the substrate 60 is transferred to one of the chambers

71 by the transfer device 72. In this chamber 71a thin alumina film is formed on the

substrate 60 through the use of 02 and A1(CH)3 , for example. The degree ofvacuum inside

each of the chambers 7 1 is maintained at about 1 03 Pa, for example. The substrate 60 in each

of the ch^bers 71 is maintained at a temperature in the range of 100 to 350 °C, or preferably

in the range of 200 to 250 °C. In each of the chambers 71 the alumina film formed on the

substrate 60 has a thickness of 0.5 to 1.5 nm, for example.

[0102] In the second example the substrate 60 on which the thin alumina film is

formed as described above is transferred to another one of the chambers 7 1 by the transfer

device 72. In this one of the chambers 71 another alumina film is formed on the substrate 60

as in the first one of the chambers 71 . In the second example the substrate 60 is transferred

among the chambers 7 1 in each of which a thin alumina film is formed on the substrate 60 in

a similju" manner. According to the second example as thus described, the step of forming a
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thin alumina film is performed a plurality of times through the use of a plurality ofchambers

71. A multilayer CVD insulating film is thereby formed.

[0103] In the second example atmospheric CVD may be used instead of plasma

C\D. The foregoing first and second examples are not limited to the insulating films making

up the shield gap films 4a and 7a but may be applied to the insulating films making up the

shield gap films 4b and 7b and to the insulating film making up the recording gap layer 9.

[0104] Compared to an insulating film formed through sputtering, the multilayer

CVD insulating film formed through the method such as the foregoing first or second

example is more closely packed and has a more even thickness, greater insulation strength

and better step coverage owing to the closely packed structure. Since the multilayer CVD

insulating film has such qualities, it is possible to reduce the thickness thereof without

reducing the qualities, compared to the insulating film formed through sputtering.

[0105] The following is a description of the result of experiment performed for

comparing center line average height Ra of an insulating film formed through sputtering and

that of the multilayer CVD insulating film of the embodiment of the invention. The center

line average height Ra indicates evenness of the thickness. In this experiment the average

height Ra of the insulating film formed through sputtering and having a thickness of 30 nm,

and that of the multilayer CVD insulating film having a thickness of 30 nm were obtained.

The result was that the average height Ra of the insulating film formed through sputtering

was 0.216 nm while the average height Ra of the multilayer CVD insulating film was 0.107

nm. This result shows that the evenness of the thickness of the multilayer CVD insulating

film was better than that of the insulating film formed through sputtering.

[0106] Reference is now made to FIG. 12 to describe the result of experiment

performed for comparing the insulation strength of an insulating film formed through

sputtering and that of the multilayer CVD insulating film of the embodiment of the invention.

FIG. 12 shows the relationship between the voltage applied to four types of insulating films

and the percentage of insulating films in which no puncture occurred (which is indicated as

yield in FIG. 12). The four types of insulating films were: an alumina film (indicated as

ECR15 in FIG. 12) having a thickness of 15 nm and formed through continuous sputtering

through the use of an electron cyclotron resonance (ECR) sputtering apparatus; an alumina

film (indicated as ECR_20 in FIG. 12) having a thickness of 20 nm and formed through

continuous sputtering through the use of the ECR sputtering apparatus; a multilayer CVD

insulating film (indicated as ALCVD15 in FIG. 12) having a thickness of 15 nm and formed
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through performing the step of forming a thin alumina film by low pressure CVD a plurality

of times; and a multilayer CVD insulating film (indicated as ALCVD_20 in FIG. 12) having a

thickness of 20 nm and formed through performing the step of forming a thin alumina film by

low pressure CVD a plurality of times.

[0107] As shown in FIG. 12, the alumina film formed through continuous sputtering

through the use of the ECR sputtering apparatus had an insulation strength of about 5 volts

when the thickness was 20 nm, and an insulation strength of about 3 volts when the thickness

was 15 nm. Either case was unpractical since the film was likely to suffer static damage. In

contrast, the multilayer CVD insulating film had an insulation strength of 7 volts or greater

when the thickness was either 20 nm or 15nm, and it was unlikely to suffer static damage.

[0108] According to the embodiment thus described, each of the shield gap films 4a

and 7a is made of the multilayer CVD insulating film made up of a plurality of thin alumina

films stacked that are formed by CVD. As described above, the multilayer CVD insulating

film is closely packed and has an even thickness, greater insulation strength and excellent step

coverage. It is thus possible to reduce the thickness thereof. As a result, according to the

embodiment, it is possible to make the thickness of each of the shield gap films 4a and 7a

smaller than that of a prior-art shield gap film, and to reduce the shield gap length.

Furthermore, a reduction in the shield gap length results in a reduction in half width of the

reading output. It is thereby possible to improve the recording density. FIG. 13 illustrates an

example of waveform of reading output of the thin-film magnetic head of the embodiment,

wherein PW50 indicates the halfwidth of the reading output. The halfwidth PW50 is a

period of time required for the reading output to reach 50 % or greater of the peak value.

[0109] The shield gap film 7a is formed in regions having projections and

depressions, such as the neighborhood of the pattern edge of the GMR element 5 or the

neighborhood of the conductive layers 6 connected to the GMR element 5. Therefore,

pinholes and faulty insulation are likely to result if step coverage is unsatisfactory. In this

embodiment, however, the shield gap film 7a is made of the multilayer CVD insulating film

that exhibits excellent step coverage. It is thereby possible to prevent pinholes and faulty

insulation in the shield gap film 7a.

[0110] According to the embodiment, the shield gap films 4a and 7a that are thin

and have high qualities are formed. It is thereby possible to improve the yield of thin-film

magnetic heads for high density recording.
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[01111 The foregoing features of the embodiment improve the performance

characteristics and yield of thin-film magnetic heads.

[0112] In the embodiment not only the shield gap films 4a and 7a but also the shield

gap films 4b and 7b and the recording gap layer 9 may be made of multilayer CVD insulating

films. It is thereby possible to reduce the thickness of these layers and to improve the

qualities thereof, and to further improve the characteristics and yield of thin-film magnetic

heads.

[Second Embodiment]

[0113] Reference is now made to FIG. 14A and FIG. 14B to describe a thin-film

magnetic head and a method of manufacturing the same of a second embodiment of the

invention. FIG. 14A is a cross section orthogonal to the air bearing surface. FIG. 14B is a

cross section of the pole portions of the head parallel to the air bearing surface.

[0114] In place of the top shield layer 8 of the first embodiment, the thin-film

magnetic head of the second embodiment comprises: a top shield layer 8a made of a magnetic

material; an isolation film 20; and a bottom pole layer 8b made of a magnetic material. The

isolation film 20 is an insulating film that magnetically isolates the reproducing head and the

recording head from each other.

[0115] In the method of the second embodiment, the top shield layer 8a is formed

on the shield gap films 7a and 7b. Next, the isolation film 20 is formed on the top shield

layer 8a. The bottom pole layer 8b is then formed on the isolation film 20. The isolation film

20 has a thickness of 0.1 to 0.2 pm, for example.

[0116] The isolation film 20 is made of a multilayer CVD insulating film made up

of a plurality of thin alumina films stacked that are formed by CVD, which is similar to the

shield gap films 4a and 7a of the first embodiment.

[0117] According to the second embodiment, the isolation film 20 magnetically

isolates the reproducing head and the recording head fi"om each other. It is thereby possible to

reduce noise such as Barkhausen noise of the reproducing head resulting fi'om a writing

operation of the recording head, and to reduce variations in reading output.

[0118] According to the embodiment, the isolation film 20 is made of the multilayer

CVD insulating film. The isolation film 20 is therefore thin and of high quality. It is thus

possible to improve the performance characteristics and yield of thin-film magnetic heads.

[0119] The remainder of configuration, functions and effects of the embodiment are

similar to those of the first embodiment.
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[Third Embodiment]

[0120] Reference is now made to FIG. 15A and FIG. I5B to describe a thin-film

magnetic head and a method of manufacturing the same of a third embodiment of the

invention. FIG. 15A is a cross section orthogonal to the air bearing surface. FIG. 15B is a

cross section of the pole portions of the head parallel to the air bearing surface.

[0121] In place of the photoresist layer 1 1 and the insulating layer 13 of the first

embodiment, the thin-film magnetic head of the third embodiment comprises a photoresist

layer 31 and a coil insulating layer 32. The photoresist layer 31 is not formed between the

recording gap layer 9 and the thin-film coil 10, but formed only between the recording gap

layer 9 and a part of the pole portion layer 12a of the top pole layer 12. In this embodiment

the coil 10 is located on the recording gap layer 9. The coil insulating layer 32 covers the coil

10 and insulates neighboring ones of the turns of the coil 10 from each other. In this

embodiment an end of the photoresist layer 3.1 facing toward the air bearing surface 30

defines the throat height.

[0122] The coil insulating layer 32 is made of a multilayer CVD insulating film

made up of a plurality of thin alumina films stacked that are formed by CVD, which is similar

to the shield gap films 4a and 7a of the first embodiment.

[0123] In the method of the third embodiment, the photoresist layer 31 is formed on

the recording gap layer 9. Next, the pole portion layer 12a of the top pole layer 12 is formed

on the recording gap layer 9 and the photoresist layer 31. At the same time, the magnetic

layer 12b is formed in the contact hole formed in the recording gap layer 9. Next, the

recording gap layer 9 and a part of the top shield layer 8 are etched by ion milling, for

example, with the pole portion layer 12a as a mask. A trim structvu-e is thereby formed. Next,

the thin-film coil 10 is formed on the recording gap layer 9. The coil insulating layer 32 of a

multilayer CVD insulating film is then formed over the entire surface. The coil insulating

layer 32 is polished through CMP, for example, to the surfaces of the pole portion layer 12a

and the magnetic layer 12b, and flattened. The following steps are similar to those of the first

embodiment.

[0124] According to the embodiment, the coil insulating layer 32 insulating

neighboring ones of the turns of the coil 1 0 from each other is made of the multilayer CVD

insulating film that exhibits excellent step coverage. As a result, the insulating film without

keyholes and voids is formed to fill the space between neighboring ones of the turns of the
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coil 10. It is thereby possible to improve the performance characteristics and yield of thin-

film magnetic heads.

[0125] The remainder of configuration, functions and effects of the third

embodiment are similar to those of the first embodiment.

[0126] The present invention is not limited to the foregoing embodiments but may

be practiced in still other ways. For example, the invention is not limited to a thin-film

magnetic head in which the MR element is a GMR element but may be applied to a thin-film

magnetic head in which the MR element is an AMR element or a turmel magnetoresistive

(TMR) element.

[0127] In the foregoing embodiments, the thin-film magnetic head is disclosed,

comprising the MR element for reading formed on the base body and the induction-type

electromagnetic transducer for writing stacked on the MR element. Alternatively, the MR
element may be stacked on the electromagnetic transducer.

[0128] That is, the induction-type electromagnetic trcuisducer for writing may be

formed on the base body and the MR element for reading may be stacked on the transducer.

Such a structure may be achieved by forming a magnetic film functioning as the top pole

layer of the foregoing embodiments as a bottom pole layer on the base body, and forming a

magnetic film functioning as the bottom pole layer of the embodiments as a top pole layer

facing the bottom pole layer with the recording gap film in between. In this case it is possible

that the top pole layer of the induction-type electromagnetic transducer functions as the

bottom shield layer of the MR element, too.

[0129] The invention may be applied to a thin-film magnetic head dedicated to

reading that has no induction-type electromagnetic transducer, a thin-film magnetic head

dedicated to writing that has an induction-type electromagnetic transducer only, or a thin-film

magnetic head that performs reading and writing with an induction-type electromagnetic

transducer.

[0130] According to the first thin-film magnetic head or the method of

manufacturing the same of the invention thus described, at least one of the first and second

shield gap films is made of a plurality of insulating films stacked that are formed by chemical

vapor deposition. It is thereby possible to improve the quality of at least one of the first and

second shield gap films, and to improve the performance characteristics and yield of thin-film

magnetic heads. In addition, the invention achieves a reduction in shield gap length.

Recording density is thereby improved.
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[0131] According to the second thin-film magnetic head dr the method of

manufacturing the same of the invention, the gap layer of the recording head is made of a

plurality of insulating films stacked that are formed by chemical vapor deposition. The gap

layer is thus made of a high quality insulating film. It is thereby possible to improve the

performance characteristics and yield of thin-film magnetic heads.

[0132] According to the third thin-film magnetic head or the method of

manufacturing the same of the invention, the isolation film isolating the reproducing head

from the recording head is made of a plurality of insulating films stacked that are formed

by chemical vapor deposition. The isolation film is thus made of a high quality insulating

film. It is thereby possible to improve the performance characteristics and yield of thin-film

magnetic heads.

[0133] According to the fourth thin-film magnetic head or the method of

manufacturing the same of the invention, the coil insulating layer insulating neighboring ones

of turns of the thin-film coil fi'om each other is made of a plurality of insulating films

stacked that are formed by chemical vapor deposition. The coil insulating layer is thus

made of a high quality insulating film. It is thereby possible to improve the performance

characteristics and yield of thin-fihn magnetic heads.

[0134] Obviously many modifications and variations of the present invention are

possible in the light of the above teachings. It is therefore to be understood that within the

scope of the appended claims the invention may be practiced otherwise than as specifically

described.


